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Motivation D>

* End-to-end test of the calorimetry system
— Lead Fluoride (PbF2) Cherenkov calorimeter
— Laser-based calibration and monitoring system
— Custom 800 MSPS fast digitizer
— FC7 trigger and clock distribution system
— DAAQ (frontend and backend)
— art-based offline computing framework

» Characterization of the calorimetry system
— Energy and timing resolution of the calorimeter
— Stability of the energy scale
— efc
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Calorimeter (PbF2 + SiPM)
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Calorimeter (PbF2 + SiPM)
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Ul
aser calibration and monitoring system

LASER BOX

Laser Head

Fibers fram »/ @116
diffiuser = — c a
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w
Laser calibration and monitoring system

LASER BOX

bundle of fibers

to crystals
<—| diffuser |< /

- SiPM gain monitoring - high stability 405 nm PicoQuant laser
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w
Laser calibration and monitoring system

LASER BOX

source monitor

PMT

mixing PIN1_|
chamber PIN 2 |

bundle of fibers

to crystals
4—' diffuser |< /

- SiPM gain monitoring - high stability 405 nm PicoQuant laser
 Laser intensity monitoring - Source monitor (PINs & PMT)
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w
Laser calibration and monitoring system

LASER BOX

source monitor

PMT

bundle of fibers

to crystals e .
| diffuser | /

A A
|
"I 2| local
sl
o o

monitor

SiPM gain monitoring - high stability 405 nm PicoQuant laser
Laser intensity monitoring - Source monitor (PINs & PMT)
Laser light distribution chain monitoring - Local monitor (PMTs)
Target SiPM gain stability ~ 10-4/hour
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End-to-end system

11

Signal digitization

Trigger clock
distribution
system (TCDS)

LASER BOX

Laser Head

¥
Fibers from ' i
¥ \

diffiuser " —

Frontend:
mCPU + GPU
processing

laser calibration and monitor

online e
data quality
monitor

AMC1302
AMC1303

Temperature

#2149 stopped

Data analysis

Equi:;nent E;;;?;s E“%E[m oatE:[gEE/sl St O r a g e m aC h i n e

1880
1880
1880
28

0.0
0.0
0.0
0.9

0.000
0.000
0.000
0.000

offline processing
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Backend: MIDAS event builder
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Offline framework (Pre-SLAC)

Midas Data

Banks Acquisition

Tested using
gm2ringsim simulated data

|
Midas-to-art :
Unpacking " and
Parsing ; Data DAQ simulator data
. Unpacking
,
|
|
______ |
........................ .
Template = Calibrations
Fit Results &
Corrections
Data

Reconstruction

Hit Crystal
Cluster Hits
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MIDAS-to-art
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Run
2149

Sels/s <l Experiment SLAC
-
Rider status: 0

17:04:33 [Logger,INFO] Run #2149 stopped

Start: Sun Jun 5 16:58:00 2016 Stop: Sun Jun 5 17:04:22 2016
Data dir: /data/slac/

~

J

Equipment
EB
MasterGM2
AMC1301
AMC1302
AMC1303

L Temperature

Events Events[/s]
1880 0.0
0 0.0
1880 0.0
1880 0.0
1880 0.0
28 0.9

.
/m\

Status

Data[MB/s]

0.000
0.000
0.000
0.000
0.000
0.000

output
MIDAS file

(g2

MIDAS
Event Structure

\ILOl—‘UJLIH\ILOH
VVVVVVVYV

UL WNPE

30024 2
42 0
1804 1802
933 1609
1858 1879
1840 1844
1880 1864
1741 1754

71
1801
1794
1805
1894
1847
1832
1753

54
1805
1775
1767
1900
1869
1820
1603

196
1799
1158
1705
1882
1886
1746

620

0 14149

1801
-119
1719
1874
1905
1763
-284

1794
-599
1769
1851
1902
1756
-239

Bank:[@Hl Length: 322204 (Ix1)/80551(I%4)/161102(Type)

180

-3
181
185
189
175

51

Nov 8, 201

>

Event ID ITrigger Ifask

Serial number (1)

; EVENT _HEADER
Time Stamp

Event Data Size (bytes)

All Bank Size (bytes)

BANK_HEADER
Flags

/\.

Bank Name [4char] Bank Name [4char]
Type | Bank size (bytes) Type
Data . | [ BaNg DRt ste ey ' BANK32
l Data ... |
Data ... |
Bank Name [4char] l Data ... | y
Type | Banksize (bytes) Bank Narme [4char]
Data ... | Type
Bank size (bytes)
Data ... |

dumped data

MIDAS-to-art

A 4

------ ﬂ gm2midastoart::CaloRawBankgm2midastoart::MidasEventArtRecords
o ,ﬂgm2midastoart::CaloTBankngmidastoart::MidasEventArtRecords_Mi
- #lgm2midastoart::CaloTBankgm2midastoart::MidasEventArtRecords_Mi

stored as data products (header, data) and put into art event
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Data unpacking and parsing

Bank:{®/kl Length: 322204(Ix1)/80551(I%4)/161102(Type) 6362 61 60 50 58 57 56 5 54 53 52 51 5049 48 47 46 4544 4342 4140 39 36 37 36.35 34 33 32 31 30 20 28 27 26 2524 23 2221 2019 1817 161514 13121110 8 8 7 6 54 3 2 1 0
1-> 30024 2 71 54 196 0 14149 0 Channel Header |0 1] Channel Tag [15:0 | Waveform Gap [21:0] Waveform Count [11:0] |DDR3 Start Address [25:14]
9—> 42 © 1801 1805 1799 1801 1794 1807 Channel Header DDRSSmnAddress[B:(l)] Waveform Length [22:0] ||FT | Trigger Number [23:0]

Waveform 1 Header| Waveform Count [11:0] DDR3 Start Address [25:0] FT Waveform Length [22:0]
17-> 1804 1802 1794 1775 1158 -119 -599 -39
0 Ch | Tag [15:0 Waveform G 1.0 Waveform Index [11:0
35— 933 1609 1805 1767 1705 1719 1769 1819 Waveform 1 Header [0 1] I annel Tag [15:0] | aveform Gap [21:0] | Waveform Index [11:0]
33-> 1858 1879 1894 1900 1882 1874 1851 1850 Waveform 1 ADC Data
41-> 1840 1844 1847 1869 1886 1905 1902 1899 Waveform 2 Header| Waveform Count [11:0] | DDR3 Start Address [25:0] | FT | Waveform Length [22:0]
49-> 1880 1864 1832 1820 1746 1763 1756 1755 Waveform 2 Header |0 1] 0 I Channel Tag [15:0] | Waveform Gap [21:0] | Waveform Index [11:0]
57-> 1741 1754 1753 1603 620 -284 -239 51 Waveform 2 ADC Data
Slmple data format Waveform N Header | Waveform Count [11:0] | DDR3 Start Address [25:0] | FT | Waveform Length [22:0]
Waveform N Header [0 1] 0 | Channel Tag [15:0] | Waveform Gap [21:0] | Waveform Index [11:0]
(GPU pre-processed Wavsom 100 Ot
Channel Trailer Channel Checksum
1 - Channel Trailer Channel Checksum
data, DAQ tlmlng data) Channel Trailer Data Integrity Check Data Transfer Time
gm2parser classes
v
art data products v
gm2parser::FedRider fedRiderCH;
‘ Waveforms (Chopped) ‘ fedRiderCH.AddRider(channelData);
(verboseLevel > 1){
std::cout<<"\t\t—-——> Entering Channel #"<<fedRiderCH.ChannelTag()<<std::endl;
4 std::cout<<"\t\tFillType: "<<fedRiderCH.FillType()<<std::endl;

F1EBEiCjEBFSS std::cout<<"\t\tWaveformGap: "<<fedRiderCH.WaveformGap()<<std::endl;
std::cout<<"\t\tWaveformCount: "<<fedRiderCH.WaveformCount()<<std::endl;
std::cout<<"\t\tWaveformLength: "<<fedRiderCH.WaveformLength()<<std::endl;
std::cout<<"\t\tTrigNum: "<<fedRiderCH.TrigNum()<<std::endl;

‘ Waveforms (raw) ‘ std::cout<<"\t\tDataIntCheck: "<<fedRiderCH.DataIntCheck()<<std::endl;
}
JE :
a¢ Fermilab
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Fill event topology

“sync” laser
start digitization ~ 1 s after
after machine trigger machine trigger
/ physics (electron beam)
N ~ 3 Us after machine trigger

100 kHz lasers for
calibration and monitoring

/700 us

3% Fermilab
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Data reconstruction G

16

N
(=]
o
[=]

ADC counts

1500

1000

500

event 16 calo O xtal 26 island 2

t,: 2447.640
E,: 7057
pedestal: 1736
%2/ NDF : 105.13

11 1 1 1 11 1 11 | I 1 11 1 11 1
2440 2445 2450 2455 2460 2465 2470 2475
sample number

Row number

0 1 2 3 4 5 6 7 8 9
Column number

Average Crystal Hit Energy

Waveforms

Clusters
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Template

Fit

Calibrations
&

Results ]
Corrections

Hit Crystal
Cluster Hits
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Energy calibration G

Developed in python,
calo 0 xtal 2 now incorporated into art.
Constants stored in fhicl prologs.

o

=
000

©

filter wheel
settings

>
20000

18000

3

16000

14000

Calibration
Constant
Extractors

Calibration
Constants

12000

10000

8000

6000

4000

Calibrations
&
Corrections

Template Fit

Waveforms Fit Results

Hit Crystal

CIUSICIS Cluster Hits
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Gain correction 1 (SiPM) =5,

- Assume laser is stable
» Track mean laser energy each fill
* Apply corrections

Correction
Constent Constants
Extractor

|
|
|
Correction .
:
|
|
|

Calibrations
&
Corrections

Template Fit

Waveforms Fit Results

Hit Crystal

CIUSICIS Cluster Hits
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Gain correction 2 (Laser) o,

Waveforms

Waveform Integrals &
(laser system)

Analyzer Amplitudes

- Laser is actually not stable
 Monitor fluctuation using pin diodes

Correction
. Constant
* Apply corrections

Extractor Constants

|
|
|
Correction .
:
|
|
|

Calibrations
&
Corrections

Template Fit

Waveforms Fit Results

Hit Crystal

CIUSICIS Cluster Hits
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Time correction D

A

sync 1
* The digitized waveforms are not /

time aligned |||||||||||
» Laser sync pulses are configured

A <
to arrive after the “begin-of-fill” sync 2
» Align time in each channel to this
pulse on per-fill basis
<

Template Fit Time
Fit Results Correction

Waveforms

Hit Crystal

CIUSICIS Cluster Hits
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Offline framework (Post-SLAC) A

R Waveforms Waveform Integrals &

system » [EEEIESEEIY Analyzer Amplitudes [ thicl prologs

* sl database
(lIobWDA)

. Calibration & L
Unpeg:kmg Correction Calibration &

Constant Correction

Parsin
arsing Extractors Constants

Midas

Banks

Calibrations
&
Corrections

Waveforms Template Fit
(calorimeter) Fit Results

Clusters Hit Crystal

Calorimeters Cluster Hits
S A e e s 2= Fernlilab
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ROOT/C++ framework

art framework,
Unpacking :
&

Parsing

Event & DAQ
Information

Waveforms

Data
Reconstruction

Data
Skimmer

v

Fit

| r
Results P
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Event & DAQ
Information

Fit
Results
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Event display & Data processing monitor @

2000

ADC counts

1500

1000

500

-500

23

event 17 calo O xtal 26 island 9

t;: 2447.695
E,: 8867

t,: 2455.507
E,: 8635

pedestal: 1707

IIIIII|l|llll|llll|ll|l|lIIIII

2440 2445 2450 2455 2460 2465 2470 2475 2480
sample number

Simple C++ program using
ROOT library

take root file as input, can
plot the waveform and the fit
results at the same time

extremely helpful for DAQ/
detector debugging
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SLAC2016 Crunchometer

Latest Midas file

/home/g2muon/data.slac/run01937.mid

Current running data cruncher

/home/g2muon/data.slac/run01793.mid

Latest cruncher log file

/data1/slac2016/log/gm2slac_run01792.log

Latest Art file

/data1/slac2016/art/gm2slac_run01792.art

Latest Analysis file

/data1/slac2016/analysis/gm2slac_run01792.root

TrigReport Events total = 2007 passed = 2007 failed = 0

Monitoring current MIDAS DAAQ file

Monitoring current file being
processed by offline machine

2= Fermilab
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Analysis User Guide D>

Physics Analysis User Guide

% s ° Similar to Muon g-2
computing manual but focus
on physics analysis and
SLAC specific info

 Also documented the
measurement program to aid
the analysis

ST * A good starting point for
e . future analysis guides

THOMAS STUTTARD, UNIVERSITY COLLEGE LONDON e

y

‘9 - ',,‘,:' - i . ES

el

https://github.com/kimsiang/SLAC2016/tree/master/AnalysisManual
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Preliminary results

0.4f

0.2}
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Poisson comb of hit energies
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Production ,@

* Dataset collected at SLAC is great for practicing the production
routine

* We used Fermi FTS to transfer the raw MIDAS file to dCache
tape-backed area

* Since the offline processing rate was close to the DAQ rate (12
Hz), 4 weeks of test beam ~ 4 weeks of processing on single-core

* |nitially we have used only jobsub to reprocess all the files

* Then we used jobsub + SAM + ifdh to reprocess a subset of the
files (tested all the Fermilab supported services we will be using for
the experiment)

* All the reprocessed files are stored in the dCache persistent area

2& Fermilab
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Summary G

27

We had a successful end-to-end test run of the calorimetry system
at SLAC in summer 2016

The offline framework worked reasonably well and provided many
valuable feedbacks to the calorimetry system

We have developed several user friendly tools to aid the data
analysis (ROOT/C++ framework, event display, data processing
monitor, analysis user guide)

We have tested the full production chain (FTS, jobsub, SAM, ifdh)
Analysis is still ongoing, results expected ~ 3 months from now

Based on our experience at SLAC, we are working towards a fast
turnaround physics analysis framework (nearline analysis) utilizing
TBB multithreading

2& Fermilab
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Backup
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Timing test (as of this review)

FC7Unpacker
HeaderUnpacker Data unpacklng ~1ms

IslandUnpacker

TemplateFit Pulse Fttin ~ 66 mS
EnergyCalibrator E

GainCorrector

éData reconstrtéjction ~ 67 ms

HitCluster :
RootOutput(write) Root Output ~ 61
0 17.5 35 52.5 70
time [ms]

TimeTracker printout (sec) Min Avg Max Median RMS nEvts

Full event 0.0606531 0.0689881 0.501452 0.063798 0.0435458 100

unpackerPath: fc7Unpacker:FC7Unpacker 7.604e-05 0.000102685 0.00109262 9.0768e-05 0.000100388 100

unpackerPath:headerUnpacker:HeaderUnpacker 8.3824e-05 0.000107083 0.000941674 8.80715e-05 8.62767e-05 100

unpackerPath:islandUnpacker:0nlinelIslandUnpacker 0.000642255 0.000724877 0.00135163 0.000711773 7.16665e-05 100

unpackerPath:islandFitter:TemplateFit 0.0579027 0.0661387 0.494832 0.0609873 0.0431672 100

unpackerPath:energyCalibrator:EnergyCalibrator 0.000242105 0.000267431 0.000674476 0.000253493 4.61028e-05 100

unpackerPath:gainCorrector:GainCorrector 0.000232165 0.000259864 0.000460291 0.000242228  3.48295e-05 100

unpackerPath:hitCluster:HitCluster 0.00115472 0.00130267 0.00187135 0.00128985 8.2678e-05 100

unpackerPath:TriggerResults:TriggerResultInserter 1.3608e-05 1.48846e-05 3.0534e-05 1.41715e-05 2.91178e-06 100

end_path:outfile:RootOutput 2.015e-06 2.57126e-06 1.4517e-05 2.267e-06 1.51856e-06 100

end_path:outfile:RootOutput(write) 0.0597246 0.0613416 0.0658187 0.0611854 0.0011628 100
JE H
3¢ Fermilab
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Current processing time (single-core)

* SSD/HDD = 0.7

Conditions Offline processing [ms]  *RootOutput [Ms]
1 calorimeter 69 42/61
24 calorimeters 1656 1008/1464
50% less pulses (Muon g-2) 828 504/732
Total 1332/1560 ms

* 0.75/0.6 Hz (if we write out everything)

* |.2 Hz (if we skip the root file output)
* write speed ~ |0 MB/s (SSD, c.f. gm2 simulation ~ 40 MB/s)

Q: How do we go from | Hz towards |2 Hz?

2= Fermilab
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